Abstract: Melanocortin-4 receptor (MC4R) plays an important role in regulating food intake and energy balance. A number of studies have revealed that variant rs17782313 is significantly associated with obesity in different populations. However, its role to obesity in the Vietnamese populations has not been identified. This study aims to evaluate the association of rs17782313 with anthropometric indices and obesity in a group of Vietnamese children. A case-control study was conducted on 559 children aged 6-11 years (278 obese cases and 281 normal controls). The nutrition status of the children was classified using both the criteria of the International Obesity Task Force 2000 and those of the World Health Organization 2007. The results show that in the normal group, the data of z score of weight for age was the highest in CC genotype group and was the lowest in TT genotype group (0.11 and -0.38, respectively, p=0.023). In the obese group, the waist hip ratio was the lowest in TT genotype group and the highest one was in CC genotype group (0.93 and 0.97 respectively, p=0.031). The study findings indicate that variant rs17782313 of MC4R is likely to have an impact on the changing of weight and central obesity in the Vietnamese children.
Introduction


Obesity is a complex disease that involves interactions between environmental and genetic factors in its pathogenesis [1] . Recent have evidenced the association of common variants of several genes with obesty and other measurements of obesity [2, 3] . Among these genes, the melanocortin-4 receptor (MC4R) gene has been considered to confer obesity risk [4, 5] . MC4R gene (18q22) is a 322-amino acid; which belongs to the family of seventransmembrane, G-protein-linked receptor involved in central regulation of energy homeostasis, such as hypothalamus, brainstem, and other brain dopamine-rich regions [6] [7] [8] . Therefore, this protein has role in regulation food intake and energy balance [8] .
Common variation in or near MC4R gene was reported as the association signal for obesity in many studies [9] . In this sense, the single nucleotide polymorphism (SNP) rs17782313, mapped 188 kb downstream from MC4R, has been reported association with obesity and body mass index (BMI) and some anthropometric indeces in adults and children [9, 10] . However, some studies did not find the association of this SNP with dietary intake, obesity and BMI [11, 12] .
Until now, there has been paucity of published data on the association of MC4R gene with obesity and anthropometric indices among Vietnamese children. Therefore, the study aimed to investigate the association between MC4R rs17782313 polymorphism and obesity, anthropometric indices in Hanoi primary school children.
Subjects and methods
Subjects of study
A case-control study was conducted with a total of 559 subjects (278 obese cases and 281 normal controls) recruited from a crosssectional population-based study. First, 7750 children aged 6-11 years in 31 Hanoi primary schools were recruited randomly between October and December 2011 in 5 urban and 3 suburban districts of Hanoi. These children were measured anthropometric indices and were then classified into 4 groups, including underweight-, normal weight-, overweight-, and obese-groups. For genetic analysis, 2 ml of venous blood was collected from 281 normal children and 278 obese children. The blood was stored in an EDTA (ethylene diamine tetraacetic acid) tube and then stored at -80 0 C.
Written consent to participate in the study was given by the parents of all subjects. The Ethics Committee of the National Institute of Nutrition approved this study No. 12-01/HĐĐĐ in 2011 [13] .
Measurements
Anthropometric indices including weight, height, waist circumference (WC), and hip circumference (HC) were measured twice for each individual, and the mean was used for the purpose of analysis. Body weight and height were measured with subjects in light clothing and without shoes. BMI was calculated as the body weight per square of the height (kg/m 2 ). WC was measured midway between the lower rib margin and the iliac crest, while HC was measured at the broadest circumference below the waist. Waist-hip ratio (WHR) was calculated as the WC (cm) divided by the HC (cm).
Obesity children and normal weight children were classified using the criteria of age-and sex-specific BMI cut-off points proposed by the International Obesity Task Force (IOTF, 2000) . Children who were classified either underweight or stunting or wasting by the criteria of World Health Organization (WHO, 2007) were excluded from the study. In addition, children who were obese due to medical reasons were also excluded. In the obese group, there were not any children who were obese due to Cushing's syndrome or who were using medications, which can cause increased body weight (such as steroids, some antidepressants).
Genotyping
Genomic DNA was extracted from peripheral blood leukocytes by using the Wizard® Genomic DNA Purification Kit (PR omega Corporation, USA). Genotyping of MC4R rs17782313 was carried out by using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method [14] . Genetic analysis processing was performed in the Molecular Genetic Laboratory, National Institute of Hygiene and Epidemiology.
Statistics
The sample size for a case control study was calculated by using QUANTO software. Categorical variables (i.e gender or living region) were represented as percentages and differences between control and obese group were tested by the χ 2 test. Quantitative variables firstly were checked whethere data is normal distribution or not by Nonparametric test. Subsequently, independent-sample t test and Mann-Whitney U test were used to statistical analysis for normal distribution variables and the other variables, respectively. Using ANOVA test to compare of more than two groups. The above statistical procedures were performed using SPSS version 16.0 (SPSS, Chicago, USA).
Results
Characteristics of participants in control and obese groups
The characteristics of subjects in cases and controls are shown in Table 1 . There were significant differences between obesity and control groups with regards to living region, birth weight, height, weight, BMI, WC, HC, and WHR. Table 2 shows the frequencies of the TT, CT and CC genotypes in case and control groups. There were not significant differences between obesity and control groups in frequencies of genotype and allele of SNP rs17782313 (p>0.05). Allele C was the minor allele.
Anthropometric indices of subjects in the MC4R-rs17782313 genotypes
The anthropometric indices in the different MC4R-rs17782313 genotypes of normal group and case group were showed in table 3 and  table 4 , respectively. The results showed that birth weight, height, weight, BMI, z-score BMI for age, waist circumference, hip circumference were not significantly different between genotypes of rs17782313 in both normal weight and obesity children. However, in normal group, the data of z-score height for age and z-score weight for age was highest in CC genotype group and was lowest in TT genotype group (p<0.05). In obese group, the wast hip ratio index was lowest in TT genotype group and the highest one was in CC genotype group (p<0.05) 
Associations of rs17782313 with obesity in Hanoi primary school children
The analysis of the associations of rs17782313 polymorphism with obesity among genetic modes of inheritance (dominant, codominant, overdominant, recessive and additive) showed that this study did not find the relatation between rs17782313 polymorphism with obesity in Hanoi primary school children in both Univariate and multivariate logistic regression analyses (table 5). 
Discussion
The MC4R transduces its signal by integrating a satiety signal provided by its agonist α-melanocyte-stimulating hormone (α-MSH) and an orexigenic signal provided by its antagonist agouti-related protein (AGRP). These ligands are expressed in the hypothalamus and are regulated by the adipocyte-secreted hormone, leptin, to control food intake and maintain long-term energy homeostasis [6] [7] [8] . Thus, the MC4R gene has been considered as a genetic factor related to human obesity [8] .
Recently, GWAs demonstrated MC4R to be one of the genes, which associates with common obesity [4, 5] . The common polymorphism rs17782313 has recently been found to be unequivocally associated with obesity-related phenotypes in adults and children in different ethnicity and age groups [9, 10, 15] .
However, the associations of rs17782313 with obesity and anthropometric indices are not consistent in many populations. For examle, in Chinese population, despite some studies showed evidence of the significant association such as the study by Huang et al [16] in adults; Lv D et al [17] in children, studies by Tao et al [18] in adults, Wang et al [19] in children revealed non-significant association.
In this study, we found that Vietnamese normal children (6-11 years old) carrying the CC genotype have highest z score of weight for age in comparation with ones who carried CT and TT genotypes (P=0.023). In obese group, children who carried CC genotype showed highest data in waist hip ratio while children whose TT genotype showed the lowest in that data (p=0.031). This study also did not find the association between rs17782313 with obesity among genetic modes of inheritance (p>0.05). This result may be due to the small sample size. Our data suggested that the association between MC4R variant and the change of weight and the central obesity in Vietnamese primary school children.
The major strengths of our study are that it has been the first data of the relation between SNP rs17782313 near MC4R gene with some anthropometric indices in Vietnamese people. However, several limitations need to be acknowledged. First, the case-control design did not allow a causal conclusion. Second, small sample size is also a possible reason leading to the not significantly association between rs17782313 and obesity in the cohort. Next, we were unable to collect information regarding the food intake and physical activity levels of the participants, so the relationship between those two factors toward obesity could not be evaluated in the study.
Due to the percentage of children who are overweight and obesity has been increasing in Vietnam, the study of the relationship between genetic, environmemtal, gene-environmental interaction factors and obesity is nescessary.
Conclusion
This study showed the significant different of MC4R rs17782313 polymorphism genotypes in Z-score of weight for age and weight hip ratio in primary school children in Vietnam. It is necessary to extend the scale of the research and collect more information on both genetic and environmental factors to identify the geneenvironment interactions to childhood obesity in Vietnam.
Mối liên quan giữa đa hình đơn nucleotide rs17782313 của gen Melanocortin 4 Receptor với một số chỉ số nhân trắc của trẻ tiểu học bình thường và béo phì ở Hà Nội Tóm tắt: Thụ thể Melanocortin-4 (MC4R) có vai trò trong việc điều chỉnh lượng thức ăn và cân bằng năng lượng của cơ thể. Một số nghiên cứu trước đây cho thấy SNP rs17782313 của gen MC4R có liên quan đáng kể với béo phì ở nhiều quần thể người. Tuy vậy, mối liên quan này ở người Việt Nam chưa được mô tả đầy đủ. Mục đích của nghiên cứu là đánh giá mối liên quan của rs17782313 với một số chỉ số nhân trắc và béo phì của trẻ tiểu học ở Hà Nội. Nghiên cứu bệnh chứng được tiến hành trên 559 trẻ em từ 6 -11 tuổi (278 trẻ béo phì và 281 trẻ bình thường). Tình trạng dinh dưỡng của trẻ được phân loại theo cả hai tiêu chẩn của IOTF 2000 và WHO 2007. Kết quả cho thấy ở nhóm trẻ bình thường, chỉ số z-score cân nặng theo tuổi cao nhất ở nhóm trẻ có kiểu gen CC và thấp nhất ở nhóm trẻ có kiểu gen TT (tương ứng là 0,11 và -0,38, p=0,023). Ở nhóm trẻ béo phì, tỷ lệ eo hông thấp nhất ở nhóm có kiểu gen TT và cao nhất ở nhóm có kiểu gen CC (0,93 và 0,97, p=0,031). Kết quả này cho thấy biến thể rs17782313 của gen MC4R nhiều khả năng ảnh hưởng đến sự tăng khối lượng cơ thể và béo phì trung tâm ở trẻ Việt Nam.
Từ khoá: rs17782313, MC4R, béo phì, chỉ số nhân trắc, trẻ em Việt Nam.
